Intergeneric mating between Escherichia coli and Salmonella typhosa was used to locate at least three 30S ribosomal proteins near the streptomycin locus in the region of 54 to 66 min of the E. coli map. This procedure utilizes differences in the electrophoretic patterns of 30S ribosomal protein of the parents. The results show that cistrons for 30S proteins of E. coli can replace those of S. typhosa in the Salmonella genome. Moreover, in a diploid hybrid with a Salmonella endogenote and an E. coli exogenote, both sets of cistrons are expressed.
The role of ribosomes in protein biosynthesis has been known for well over a decade. However, a detailed picture of ribosome structure and function began emerging only in recent years. Many of these details have come from the successful efforts of Nomura and his colleagues (18, 22) in reconstructing active ribosomes from constituent protein and ribonucleic acid. There has also been a recent concerted effort in the isolation and chemical characterization of ribosomal proteins (10, 14, 17) and ribosomal ribonucleic acids (RNA; 7, 9). Since much of the success of molecular biology is due to the application of physical, chemical, and genetic analyses to biological phenomena, we initiated studies on certain genetic aspects of ribosomes.
It is desirable to determine the genetic map position of the ribosomal protein cistrons since such information would aid in determining if the cistrons for the ribosomal proteins, of either or both subunits, are clustered. It would also be useful to know whether the ribosomal proteins are contiguous with the cistrons for ribosomal RNA. One method for mapping 30S ribosomal proteins utilizes differences in the electrophoretic patterns of two strains which serve as donors or recipients in the transfer of genetic material by transduction or conjugation. For example, differences in the 30S ribosomal protein electrophoretic patterns of E. coli K and E. coli B have been used to locate a 30S ribosomal protein cistron near the streptomycin locus (15, 16) .
We decided to approach the mapping problem by using as markers natural variations in the electrophoretic pattern of the ribosomal proteins.
We screened members of the Enterobacteriaceae which were closely related to Escherichia coli. Salmonella species were selected because they differed slightly from E. coli in their 30S ribosomal protein electrophoretic patterns. Some Salmonella can serve as recipients in crosses with E. coli Hfr donors (3, 4, 5, 6, 8, 13) , and these have been well mapped genetically (19, 21) .
This report describes the use of hybrids produced from crosses between E. coli K-12 and Salmonella typhosa to locate the cistrons coding for several proteins of the 30S ribosome.
MATERIALS AND METHODS
The relevant characteristics of the strains used are listed in Table 1 and the genealogy of the hybrids in Table 2 . The media and techniques for the genetic crosses have been described previously (8) . Detailed descriptions of the patterns of behavior and documentation of the diploid nature of hybrids from intergeneric crosses have been provided in previous publications (3, 5, 6, 8) .
Hybrid X-6-5 was produced by a mating between E. coli Hfr P4X-6 and S. typhosa TD-7 as the recipient with selection made for xyl+ recombinants. TD-7 is an Hfr strain of S. typhosa which has been described in detail (12) , and its use as a recipient makes possible the detection of the str-s allele from the E. coli parent in hybrid X-6-5. This is accomplished by transfer of the str-s marker from hybrid X-6-5 to and its expression in E. coli str-r. In such crosses, the S. typhosa str-s locus is not transferred from either strain TD-7 or hybrid X-6-5 to K-12 recipients (E. hybrid constructed between an E. coli donor and Salmonella recipient which covered about 33% of the total genome and included this region. This hybrid, X-6-5, is relatively stable and presumed to be diploid over the region indicated in Fig. 2 ; this hybrid behaves similarly to other diploid hybrids previously described (4, 5, 6, 8) . The pattern of 30S ribosomal proteins of hybrid X-6-5 contains several E. coli components in addition to those characteristic of the Salmonella recipient. This indicates that X-6-5 is diploid for the ribosomal protein locus and that the E. coli cistrons are expressed.
To reduce the chromosomal region for 30S ribosomal proteins, another diploid hybrid, 26D, containing less of the E. coli genome was examined. Hybrid 26D was unstable and produced small numbers of recombinants or S. typhosa segregants. Selection on streptomycin agar showed that about 3% of the segregants of hybrid 26D were streptomycin resistant. The 30S ribosomal protein pattern of a recombinant (strain 26TSr-2) selected for streptomycin resistance and xylose fermentation is presented in Fig. 3B . This pattern is identical to the E. coli K-12 pattern. This result suggests that the Salmonella recipient integrated the E. coli chromosome segment from streptomycin to xylose and integrated E. coli ribosomal protein cistrons. The E. coli segment may not be continuous with streptomycin and xylose since the E. coli X receptor locus at malA is absent in this hybrid. This integrated E. coli E. coli chromosome is indicated by a heavy line, the S. typhosa chromosome by a light line, and areas of unknown identity by broken lines. Gel A is an E. coli 30S ribosomal protein electrophoretic pattern; gel B is the 305 ribosomal protein electrophoretic pattern of X-6-5 on acrylamide gel; and gel C is an S. typhosa 30S ribosomal protein electrophoretic pattern. All gels contain 7.5% acrylamide and 0.5% bisacrylamide. Haploid recombinant 26TSr-2 was produced by mating E. coli K-12 Hfr AB313 and Salmonella typhosa 643F-. The E. coli chromosome is indicated by a heavy line, the S. typhosa chromosome by a light line, and areas of unknown identity by broken lines. Gel A is an E. coli 30S ribosomal protein electrophoretic pattern. Gel B is the 30S ribosomal protein electrophoretic pattern of 26TSrr-2. Gel C is an S. typhosa 30S ribosomal protein electrophoretic pattern. All gels contain 7.5% acrylamide and 0.5% bisacrylamide. segment does not extend counterclockwise beyond 54' on the E. coli map (21) since the fucose marker (54') of the E. coli parent is not expressed in the hybrid recombinant.
A third hybrid was used to test the clockwise limit of region which contains the ribosomal protein cistrons. This hybrid, X30W, contained an E. coli segment from lac to malA either as exogenote or integrated into the Salmonella chromosome. The 30S ribosomal protein pattern (Fig.  4B) , however, is characteristic of Salmonella with no apparent expression of E. coli proteins. This result eliminates the malA -xyl -lac region of the genome as that coding for the ribosomal proteins examined. From all of these experiments, it is possible to place these ribosomal protein loci within the region of 54 to 66' of the E. coli map. Fine structure analysis by transduction is now being attempted.
DISCUSSION
There are several advantages to mapping proteins by intergeneric transfer of genetic material. Such a method relies on natural variations which occur during a period of evolution after the genera begin to diverge. Therefore, one avoids the problem of detecting mutations in the ribosomal proteins of a single species. In addition, there is more than one electrophoretic difference between the 30S ribosomal proteins of the parents. This makes possible the fine structure mapping for several individual proteins by the use of only two parents. Intergeneric transfer can thus be used for many proteins which differ between the parents by electrophoretic mobility, peptide fingerprinting, or other criteria.
The results show that certain cistrons coding for 30S ribosomal proteins of both S. typhosa and E. coli reside in the streptomycin region of the genome. The existence of several cistrons for 30S ribosomal proteins in this region is compatible with the concept that the genes coding for the 30S ribosomal proteins are clustered at or near the streptomycin locus (15) . For example, mutations to neomycin and kanamycin resistance map near streptomycin (2). These antibiotics have been shown to affect 30S ribosomes (20) . Preliminary experiments with the E. coli-Salmonella hybrids indicate that cistrons coding for several 50S ribosomal proteins also occur in this region. Such results make more tenable the idea (15) that all of the ribosomal protein cistrons are clustered in this area. It should be pointed out, however, that certain mutations to drug resistance, which presumably affect ribosome structure, do not map in the streptomycin region (1) .
The diploid hybrid X-6-5 exhibits a composite electrophoretic pattern of both E. coli and Salmonella typhosa 30S ribosomal proteins. 
